The electrical energy requirements of the Maltese Islands are met in their entirety by two oil-fired electrical generation plants. In view of this complete dependence upon fossil fuels, investigations into the prospects of diversifying electrical generation by resorting to renewable energy technologies are particularly relevant. The archipelago has peculiar characteristics such as high population density, comparatively deep coastal waters and an economy based on tourism, manufacturing, marine-sector activities and services that make the integration of wind power generation projects challenging. Local government authorities commissioned the authors to assess the constraints related to wind farm development in a shallow water coastal area, known as is-Sikka l-Bajda, which could present a wind potential worth exploiting, and to recommend adequate mitigation measures to minimize any impacts and conflicts with stakeholders. These constraints include marine navigational aspects, fishing and aquaculture, tourism and other site-specific activities.
PURPOSE OF WORK
The Maltese archipelago consists of a number of islands and islets located in the central Mediterranean Sea. The three inhabited islands are Malta, Gozo and Comino, with a cumulative land area of 315.6 square kilometres. Geographically located mid-way between southern Europe to the north and Africa to the south, the island group forms part of the European Union. The Republic of Malta has a very high population density with an average 1,298 persons per square kilometre [1] . The islands are characterised by low lying land on the north eastern sides and steep coastal escarpments along most of their south westerly seaboards. The north east coastline is indented by a number of bays and natural harbours whilst the latter coastal stretch is less accessible and has deep seas very close to the coast.
Electrical energy comes from two fossil fuel-powered stations having a combined nominal installed capacity of 571 MW. The two stations and the electrical distribution network are administered by Enemalta Corporation [2] . The domestic sector [3] accounts for 36% of the average electrical energy consumption, followed by the commercial (32%) and industrial sector (30%). The remainder is consumed by street lighting. The islands' electrical generation and distribution systems are, so far, not interconnected to other networks. The renewable energy (RE) options available are quite limited and RE sources such as hydropower and tidal energy do not have a significant potential in the Maltese context. At this point in time, immediately available and sustainable electricity generating technologies are limited to onshore and offshore wind energy conversion, solar photovoltaics and solar thermal energy, and biomass. The available options, criteria for choice and potential yield have been reported elsewhere [4, 5] .
Malta continues to depend completely on imported fossil fuels for electricity generation purposes; a scenario that leaves the nation exposed to oil price fluctuations on the international market and insecurity of supply. Malta's target is to attain 10% of final energy consumption from RE sources by the year 2020 [6] . In a 'business as usual' scenario where no remedial measures are taken, the country's carbon emissions are also set to continue rising. Diversification of energy sources and of technologies is undoubtedly the best way to reinforce security of supply. Wind energy is now being perceived as an essential component in Malta's limited portfolio of RE options. Internationally, wind energy technology is currently one Malta Ltd. [9] . There have been a few more small wind turbines (< 20 kW) installed here and there on the islands. To date there are no commercial-scale wind farm projects onshore or offshore. The Government of Malta has publicly expressed an interest in looking at the prospects for close offshore wind farms as announced in the 2009 budget speech [10] .
Although more expensive and posing a greater technical and logistic challenge, offshore wind turbine arrays in shallow waters (< 25 metres) are the second best technology option in terms of costs. The sea around Malta is relatively deep close to the shore; the exceptions being certain nearshore coastal areas and a few reefs. It is undeniable that deep sea wind turbine technologies would possibly be more appropriate in the local context as these would offer the possibility of installing wind farms well offshore therefore posing minimised impacts.
However, these technologies will not constitute viable short or medium term options until they are commercially proven.
The potential contribution from wind power generation to Malta's electricity requirements is expected to be significant. However the time scales for establishing wind energy projects are not short. This means that Malta should act as soon as possible in implementing RE projects. The implementation of RE generation is now driven by expediency -and is no longer a matter of choice.
METHOD OF APPROACH
In order to initiate the site evaluation process, local government authorities commissioned a desk-based assessment of the potential and constraints related to shallow water or nearshore wind farm development on a reef known as is-Sikka l-Bajda ; literally translated as 'the White Reef'. Earlier works had already identified this offshore site as one warranting further investigation at a time when offshore wind was emerging as a new option for clean energy generation [11, 12] . The current study being presented here consisted of an exercise that was envisaged to: -Assess concerns in the light of recent developments in wind farm technology and experiences; -Propose a series of feasible recommendations to resolve and allay popular concerns associated with nearshore offshore wind farm development.
The exploitation of renewable energy sources requires an integrated approach and wind energy technology is an essential component that can be utilised locally. Is-Sikka il-Bajda has been considered as one of the better choices for an offshore wind farm project because it offers considerable space with sea depths less than 25 metres for which there is now a mature offshore technology.
Technical Aspects

Geographical Characteristics
Is-Sikka l-Bajda lies off the north east coast of the main island of Malta in the vicinity of Ghadira Bay and some 1.5 km to the NE of the closest landfall at Rdum tal-Madonna (See Figure 1) .
Is-Sikka l-Bajda has a good exposure to the prevailing north westerly winds and its position off comparatively low lying coastal terrain makes it reasonably exposed from other wind direction sectors. 
Grid Interfacing Issues
The impact of a sizeable wind farm on the small and isolated local electricity generation network is an important technical issue that requires attention. Detailed grid stability studies and models are required; particularly to establish the size of the spinning reserve required. Government has expressed an interest in connecting the national grid to the European grid network by means of an undersea cable link with Sicily [10] . Any assessment of wind farm operation in Malta should be made with this option as a future scenario.
Other concerns of technical nature associated with offshore and onshore grid connection works required for such an offshore wind project are the cabling between the individual turbines, between the turbine array and the shore, and from its landfall to a suitable distribution centre. Landing points of the electrical grid connection and distribution cables would require appropriate planning. However, the development of electrical cable-landing points would not be expected to pose an insurmountable hurdle as the size of modern equipment is quite small and compact. Proper design would enable any necessary building structures to fit into the landscape, or even to be located below ground level. The use of overhead pylons and cables should be avoided to remove visual impacts and limit deleterious effects on avian species.
Offshore Wind Farms and Tourism
One of the pillars of the local economy is tourism. The reef in question lies to the north of the predominantly tourist-oriented areas of Bu · gibba and Qawra. Consequently, negative landscape or visual impacts of this offshore wind farm may be considered an issue from a tourism point of view. One would envisage that turbine noise from a wind farm is another issue that would warrant attention; especially in view of the fact that over a wider area, this part of the island is dominated by other tourist centres and by eco-trails. WIND ENGINEERING VOLUME 34, NO. 1, 2010
Noise is another issue that invariably features in any discussion on wind turbines and wind farms. One would not anticipate noise to be a problem due to the reasonable distances between the wind farm site and the shorelines. Modern large wind turbines, with improved design and sound proofing, have a noise footprint that is restricted to some 350 metres around the farm itself.
Other issues are related to marine leisure sports such as scuba diving, which has been developing as a lucrative component of the local tourist industry in recent years. Is-Sikka lBajda is not currently used as a dive site because it has been heavily over-fished over the past decades and ship bunkering that is conducted in the area has also probably negatively impacted the sea bed and habitats on the reef. In any case, the presence of a wind farm on this reef should not carry an automatic ban on diving and small-scale fishing activities unless a total exclusion zone is laid out within the perimeter and around the wind farm.
THE POTENTIAL AND CONSTRAINTS OF WIND FARM DEVELOPMENT AT NEARSHORE SITES IN THE MALTESE ISLANDS
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The coastal area to a distance of 1 nautical mile offshore is considered an important yachting and boating resource. Consequently, an offshore wind farm in a marine area such as is-Sikka l-Bajda could be perceived as an obstacle to such recreational marine activities.
Private sector initiatives for the development of destination ports and of yacht chartering as distinctive tourism products are also being promoted on the islands. Leisure marine activities by local groups could be affected as may important local and international races and sailing activities.
From a technical point of view, even the complete blocking off of the area identified for a wind farm at is-Sikka l-Bajda would not be expected to create an insurmountable obstacle to long distance races as these may be routed further offshore. However, such a zoning constraint may possibly cause difficulty for sailing boats sailing on up-wind tacks on a zigzag course. Concerns raised in this respect would be compounded by the fact that the area around the identified reef is already populated by fish farms to the south and by farms in the South Comino Channel.
Once the wind farm is in operation, it might be possible to allow passage of small craft, motorized or under sail, in the channel between the offshore reef and the closest landfall at Rdum tal-Madonna ; although there again, this may also prove unfavourable if it is established that such marine traffic causes disruption to avifauna activity in the coastal zone.
Offshore Wind Farms and Aviation
Other concerns could involve aviation traffic and related infrastructure; particularly the effects on radar and navigational aids. A wind farm on Sikka l-Bajda is not expected to impact WIND ENGINEERING VOLUME 34, NO. 1, 2010
significantly on such operations although some procedures for helicopters and light aircraft which fly low using visual navigation may need to be modified and notified. Marking the wind turbine structures with paint and illumination by night could reduce risks associated with these activities.
Environmental Aspects
The Sikka l-Bajda site suffers from a number of environmental constraints, including the fact In spite of such environmental constraints, the Sikka l-Bajda site has been exposed to a spectrum of different impacts from bunkering and intensive fishing for a number of years.
Unfortunately, the environmental impact of both activities has not been assessed and no baseline environmental information for the same site exists.
The environmental impact of an offshore wind farm can be divided into two classes of effects: effects during the construction period and effects during the much longer operation period. Effects during the construction period may further be divided into three categories:
destruction, dredging, and disturbance. With the exception of destruction, all these effects may be considered temporary. In contrast, effects during the operation of the wind turbines can be regarded as relatively permanent [23] .
A number of putative environmental impacts can be minimised through effective mitigation, such as the deployment of bubble screens to minimise submarine noise generation and of silt curtains to minimise particulate spread, and the avoidance of the bird nesting season for installation of facilities. In addition, the monopile foundation is recommended for the smaller benthic footprint it takes up, that the connecting submarine cable should be laid on the seabed, rather than buried and that unvegetated benthic areas are used where possible for turbine foundations. In spite of such mitigation measures, a number of residual impacts will still result, including the disturbance to the bird colony and the benthic footprint taken up by the turbine foundations.
In spite of the putative environmental impact of the proposed wind farm at Sikka l-Bajda, 
CONCLUSIONS AND RECOMMENDATIONS
The realisation of an offshore wind farm project in the near future would diversify the electricity generation mix and reduce the country's total dependence on fossil fuels.
Commercially operated offshore wind farms are zoned in shallow waters at depths of up to Other recommendations should be to have onshore wind farms in areas such as Bahrija and Marfa Ridge to complement the development at is-Sikka l-Bajda. Apart from being less expensive, the timescales for projects at these onshore sites are likely to be shorter than for
Sikka il-Bajda.
The main conclusions of this study are that is-Sikka l-Bajda should be considered as one of the more amenable locations for the siting of a near shore offshore wind farm project.
Malta's need to exploit its renewable energy potential in the near future also suggests consideration of Gozo north shore. To this end, it was recommended that a process should be kick started involving the commissioning of the necessary baseline surveys and to engage local planning authorities. These processes should go in tandem with exhaustive educational and public consultation campaigns in order to instil greater public acceptance of wind farm projects.
